We investigated retrospectively the morphologic aspects of blood cysts of the atrioventricular valve in eight Beagle dogs and clarified the morphogenesis of the lesions. Study of serial sections revealed that the cysts communicate with the blood vessels; however, they showed no connection with the valve surface. Immunohistochemically, the thin endothelium of the lesions showed positive staining for factor VIII-related antigen. Histologic studies ofa variety of sizes of blood cysts revealed four basic stages of blood cyst formation: I) initially, the involved blood vessel undergoes only a slight enlargement that is not grossly detectable; 2) next, the vessel becomes moderately or markedly dilated and contains a large number of erythrocytes. The changes ofthis stage are macroscopically detectable; and 3) then, blood flow is arrested partly in the cystic lesion, followed by degeneration and necrosis of the cyst. At this third stage, fibrous tissue or dense collagenous connective tissue is usually seen surrounding the cyst; 4) and finally, metaplastic bone is formed within the lesion. Colloidal carbon infusion into the valves of normal canine hearts revealed the presence ofan extensive, dense arrangement of blood vessels in the septal leaflet of the tricuspid valve, which usually is the recognized site to develop blood cysts.
first described by Elsasser? in the heart valves ofhuman beings, and several human cases were described thereafter. 2 . 3 . 6 , l O, 16 , 18,20 ,26 Because there is no evidence of valvular insufficiency when they are present, little attention has been paid to these lesions. More recently, two cases oflarger cysts in atrioventricular valve requiring operative treatment have been reported in human be-
ings.""
In contrast, there are few reports on the histologic characteristics of the blood cysts in animals.P-" Although it has been long recognized that such blood cysts also occur in dogs, 11,13 the morphogenesis of these lesions has not been clarified. Recently, we observed a variety of stages of such blood cysts in canine heart valves. In this communication, we report the histologic aspects of these canine cases and describe the morphogenesis of the blood cysts based on the light microscopic findings of serial sections and immunohistologic findings.
Materials and Methods
of the tricuspid valve in II cases. We detected the lesion in the multiple sections of the valve of one male among 75 grossly normal valves. Eight typical lesions were used for this study. The age range of these animals was from 5 to 24 months. We divided these eight lesions into three types based on the gross features of the blood cyst lesions: Type I, found in one dog (No, I), in which the lesion was undetectable macroscopically; Type II, in four dogs (Nos. [2] [3] [4] [5] , in which the lesion did not protrude above the vascular surface; and Type Ill, in three dogs (Nos. [6] [7] [8] , in which there was a big lesion that protruded above the atrial surface. The cysts were recognized in the anterior portion of the septal leaflet of the tricuspid valves of specimens that had been stored in 10% neutral buffered formalin for periods ranging from months to years after necropsy. Light microscopic evaluation was made from hematoxylin and eosin-stained or hematoxylin and victoria-blue-stained 5-p,m multiple sections. Von Kossa's stain was used for some specimens. Study of serial sections from three cases (Nos, 2,4, and 7) was performed using from 125 to 354 slides. After one (from dog No, 8) of the Type III valves had been fixed, it was dehydrated through a series of graded ethanols, then cleared in methyl salicylate, and examined by transillumination in order to study its architecture.
Immunohistochemical examination Histologic examination
Immunohistochemical localization of factor VIII-related At the time of necropsy during a 4-year period involving antigen in 3-p,m sections of paraffin-embedded tissue was 255 Beagle dogs, we found blood cysts in the septal leaflet done in all cases (Nos. 1-8) by the peroxidase-antiperoxidase 16 method (DAKO PAP KIT K 540, CA, USA). Briefly, sections deparaffinized with xylene were sequentially treated with rabbit antiserum to human factor VIII-related antigen, swine antiserum to rabbit immunoglobulins, and peroxidase-antiperoxidase reagent. Then, the site of peroxidase localization was visualized by development in freshly made 0.03%,3,3'diamino-benzidine in 0.05 M Tris buffer (pH 7.6), containing 5% hydrogen peroxide. Finally, the sections were lightly counterstained with Mayer's hematoxylin.
Colloidal carbon infusion
Because all of our cases were detected in the septal leaflet of the tricuspid valve, we investigated the normal blood vessels in the septal leaflet of the tricuspid valve of seven Beagle dogs (Nos. 9-15) ranging in age from 8 to IS months. After the heart had been perfused with warm normal saline containing procaine hydrochloride, India ink was injected into the coronary arteries. The hearts were fixed immediately after the injection in cold 10% neutral buffered formalin. After 5 days, the valves were dissected from the hearts and then dehydrated through a series of graded ethanols, and then we cleared the specimens in methyl salicylate. Their architecture was then examined by transillumination.
Results

Histologic examination
Among 255 Beagle dogs (193 males and 62 females), blood cysts were found in 11 cases (4.3%,9 males and 2 females) at the time of necropsy during a 4-year period. Also, among 75 grossly normal valves ofBeagle dogs (53 males and 22 females), a blood cyst was found in one male dog (1.3%) using multiple sections. Eight typical lesions of 12 cases were divided into three types.
Type I lesion. A l6-month-old male dog (No.1) was examined. No abnormal clinical findings or laboratory test values were detected. The electrocardiograms were normal. At necropsy, there was no macroscopic lesion in the anterior portion of the septal leaflet of the tricuspid valve; however, on light microscopic examination of multiple sections of the valve, an irregular, ectatic space, containing a few erythrocytes and lined by endothelium was seen in the myxoid tissue ( Fig. 1 ). There was no cell infiltration or proliferation of elastic tissue around the blood cyst. Immunohistochemically, a part ofthe endothelium ofthis case showed positive staining for factor VIII-related antigen.
Type II lesion. Two 5-month-old male dogs (Nos. 2,3) and two 24-month-old male dogs (Nos. 4, 5) that had no abnormal clinical signs or laboratory test values were examined. All lesions were seen on the surface of the anterior portion ofthe septal leaflet ofthe tricuspid valve. Macroscopically, in the specimens from the two younger dogs (Nos. 2, 3), the lesions looked like hematomas and measured 2 mm in diameter in one specimen (No.2) and 4 x 5 mm in the other one (No.3).
The lesions from the older dogs (Nos. 4, 5) measured 2.5 mm in diameter in each case. The type II lesions did not project much onto the surface of the valve. The histologic aspects of these cases were almost the same; the lesions consisted of enlarged cavities lined by a single layer of endothelial cells and contained a large number of erythrocytes along with a few leukocytes ( Fig. 2 ). There was no proliferation of elastic tissue in the outer part of the endothelium, and no inflammatory cell infiltration was seen. The endothelium of two (Nos. 2, 4) of the four cases (Nos. 2-5) revealed focal positive staining for factor VIII-related antigen (Fig. 3) , and some areas of the endothelium showed a very heavy deposition of the reaction product.
Type III lesion. A 6-month-old male dog (No.6) and two l6-month-old male dogs (Nos. 7, 8) showed lesions of this type. No abnormal clinical findings or laboratory test values were detected. The electrocardiograms had a normal pattern in these animals. On gross appearance, these lesions were recognized in the anterior portion of the septal leaflet of the tricuspid valve as hematoma-like changes at necropsy. The size in one dog (No.6) was 5 mm in diameter; in the two others, (Nos. 7, 8) it was 3 x 5 mm and 4 x 5 mm, respectively. These lesions appeared dark red in color and protruded above the valvular surface. On light microscopic examination, the valvular lesions appeared as large cavities lined by a single thin endotheliallayer. Study ofserial sections ofthese cases revealed that the blood cyst had been formed by the coalescence of several smaller cavities (Fig. 4) . The cavity contained a considerable number of erythrocytes along with a few leukocytes. An occasional fibrinous clot was seen in the cavity. The cleared specimen of the cyst (No.8) revealed sunken areas on the surface of the lesion (Fig. 5 ). In some sections, fibrous tissue containing foam cells, giant cells, and dense collagenous connective tissue with evidence of calcium salt deposition was seen surrounding the cyst. A large number of capillaries containing erythrocytes were recognized in the surrounding connective tissue. In one dog (No. 6), metaplastic bone surrounded by dense collagenous tissue was seen within the cyst, and a large number of capillary vessels and larger dilated vessels were seen around the lesion (Fig. 6 ). In the immunohistochemical study, the thin endothelium of the two larger lesions (No.6, No.8) stained focally positively with variable staining intensity for factor VIII-related antigen.
Blood vessels in the atrioventricular valves. Detailed examination ofthe septal leaflet of the tricuspid valves revealed that the injected ink was recognizable in the valves. A blood vascular network throughout from the base to the free edge ofthe valve was seen in our cases. An extensive, dense arrangement of blood vessels was Fig. 3 . Staining of the septal leaflet, tricuspid valve; two dogs, (Fig. 3a, dog No.2, Fig. 3b , dog No.4). Type II blood cyst. Factor VIII-related antigen is detected in blood cysts from a 5-month-old (Fig. 3a) dog and from a 24-month-old (Fig.  3b ) dog. Material, strongly positive for factor VIII-related antigen, is present in the cytoplasm of round endothelial cells lining the lumen (arrow). Peroxidase-antiperoxidase method, Mayer's hematoxylin counterstain. Bar = 20 /-Lm. Fig. 4 seen in the anterior portion of the septal leaflet of the tricuspid valves, which are a site where blood cysts occur frequently (Fig. 7 ).
Discussion
Four hypotheses on the origin ofblood cysts on heart valves in human beings were recognized: (I) hemato-mas, (II) angiomas, (III) ectatic or dilated blood vessels, and (IV) as being due to blood that is pressed into crevices on the ventricular surface.' Blood vessels have been demonstrated in the atrioventricular valves, but they do not extend into the valves for more than 3 mm from the line of attachment of the valve to the heart wall.' Considering their localization on the valves, the blood cysts are not induced by changes in blood vessels; therefore, the last hypothesis has been the most widely accepted by many researchers who studied human material. Recently, Zimmerman et al. demonstrated by light microscopic and scanning electron microscopic examination of human cases that connections existed between the cyst lumens and ventricles via small endothelium-lined channels. 26 Considering their findings , they proposed that blood cyst formation was due to the pressure gradient across the valve leaflet when the atrioventricular valve is closed during systole, a gradient that would cause bulging of the clefts and infoldings of the ventricular endothelium to form a cyst (diverticulum)."
Concerning the blood vessels in porcine atrioventricular valves, Bayne-Jones reported that the vessels are normally present. I Detailed investigations of blood vessels in canine valves have not been done until now. In our study, colloidal carbon infusion into normal canine valves clearly revealed that an extensive, dense arrangement of blood vessels exists in the anterior portion of the septal leaflet of the tricuspid valve, which is the site usually recognized to develop blood cysts. Considering the histologic characteristics of early stages of blood cysts, we postulated that the blood cysts originated from the blood vessels.
The histologic study 'of several hundred serial sections in our three cases revealed that there was no connection between the cysts and the valve cup surface, as is also the case in human beings. 3 ,6, 16,18 The results of the study indicate that the cyst communicated only with blood vessels . Also considering the histologic characteristics of blood cysts, we conclude, therefore, that the blood cysts originated from the blood vessels. According to Smith and Taylor," there are two types of valve cysts in calves and cattle, and these have different etiologies. The first develops from a pre-existing invagination at the closing edge of the valve that later becomes organized . The second type is a true cyst which, at some stage in its existence, is in communication with the valvular blood vessels. Using injection of India ink, they were able to demonstrate connections between the cyst and vessels. Regarding the histogenesis of the blood cyst, our canine cases would appear to belong to the second type of lesion described by Smith and Talor. Applying immunohistochemistry to the study of lesions is becoming increasingly important, not only because it is a helpful method to aid in the diagnosis, but also because it is useful for assessment of the histogenesis oflesions; therefore, we investigated the origin of the valvular cysts by immunohistologic methods. Recently, vascular endothelial cells have been demonstrated as a site of synthesis of factor VIII-related antigen. 12 , 14 ,22,23 Accordingly, factor VIII-related antigen has been established as one of the markers of endothelial cells. 4 , 19,2 1,2 5 Using this new method, we investigated the variously sized blood cysts in canine hearts. The endothelium of five (Types I, II, III) of eight cases gave focal positive staining for factor VIIIrelated antigen. It was earlier noted that as the caliber of the vessel increases, the positivity for this antigen becomes weaker. 19 In our case, the difference in intensity did not depend on the size of the cavity. The absence of factor VIII-related antigen in the endothelial cells of the other three cases does not support the concept that these cells are of endothelial derivation; however, in the literature Burgdorf et al. 4 made a noteworthy comment: "The presence offactor VIII-related antigen strongly supports the endothelial nature ofthe cells in which they are found, but it should be clearly stated that the absence ofthe marker does not preclude this possibility, especially in pathologic conditions.?" Though there is no clear explanation for the factor VIII-related antigen-negative endothelium in those three cases, our positive immunohistochemical findings support the hypothesis that blood cysts originate from blood vessels.
Although we have no clear explanation about the etiological factors that produce the blood cyst, an increase in tension on the valve seems to trigger blood cyst formation. In addition to this condition, considering the valve's structure and position, we think mechanical effects such as friction or impact are also important factors that give rise to the cysts. Histologically, normal valves are mainly composed of loose collagenous tissue. Because the wall ofthe vessels in the valves is thin, the valvular blood vessels could easily become enlarged.
Naming a lesion is very important when trying to understand its characteristics and histogenesis. Referring to blood cysts on valves, Hubben et al. 13 chose the term "valvular telangiectasis." Considering the results of our histologic examination and immunohis-tologic study, we concur that the name "valvular telangiectasis" is a suitable one for the valvular cysts since it suggests the histopathologic feature of the lesion.
From the histologic aspects of and immunohistologic findings on a variety of sizes of blood cysts in our present study, we propose that there are four basic stages of valvular blood cyst formation: 1) a blood vessel in the valve becomes only slightly enlarged and is not detectable grossly; 2) next, the vessel becomes macroscopically visible following moderate or marked enlargement; 3) in this stage, blood flow is arrested partly in the lesion, and is followed by degeneration and necrosis of the lesion. At this point, fibrous tissue or dense collagenous connective tissue is usually seen surrounding the cyst; and 4) metaplastic bone formation occurs within the lesion. We consider that usually, large blood cysts like the type III lesion belong to the third or fourth category. Sunken areas on the valvular surface are thought to result from dense fibrous tissue formation within the lesion. The formation of metaplastic bone or cartilage is frequently observed in sites of dense fibrous tissue, such as in scars, chronic inflammatory and degenerative lesions, sclerotic arteries, and in pathologic muscle.v-" We consider bone formation to be the end stage of blood cyst formation.
